A microscopic optical potential based on a chiral model is used as a starting point for studying kaonic atoms levels. We add to this potential a phenomenological part fitted to the experimentally known shifts and widths of kaonic levels. This fitted potential is used to predict deeply bound atomic levels, as well as nuclear levels. Comparison with the predictions of other optical models found in the literature is done. Also the effects on the kaonic atoms levels of certain known non-local contributions to the optical potential are also analyzed.
Abstract.
A microscopic optical potential based on a chiral model is used as a starting point for studying kaonic atoms levels. We add to this potential a phenomenological part fitted to the experimentally known shifts and widths of kaonic levels. This fitted potential is used to predict deeply bound atomic levels, as well as nuclear levels. Comparison with the predictions of other optical models found in the literature is done. Also the effects on the kaonic atoms levels of certain known non-local contributions to the optical potential are also analyzed.
THE SELFCONSISTENT K − SELFENERGY OF RAMOS-OSET
The problem of kaonic atoms has regained interest recently. First, due to the new perspective that the use of chiral Lagrangians has brought into the problem [1] . Second, because of the need to obtain accurately the kaon selfenergy in a nuclear medium, in view of the possibility to get kaon condensates in neutron-proton stars. Third, the interpretation of the enhancement of the K − yields in heavy ion reactions relies on the value of the K − selfenergy in the nuclear medium. The dominance of the s-wave in the elementaryKN interaction has been the justification for using traditionally s-waveK nucleus optical potentials [2, 3] , by means of which good agreement with data can be obtained. In the work of Ramos-Oset [1] , the s-wave self-energy Π sK of the K − meson in nuclear matter is calculated in a selfconsistent microscopic approach, using an in medium effectiveKN interaction, t e f f i j , obtained from the lowest-order meson-baryon chiral lagrangian V i j by solving the coupled-channel BetheSalpeter equation for the meson-baryon sector with strangeness S=−1. For our calculations of shifts and widths in kaonic atoms, we take as starting point this local theoretical potential, V (1) opt (dashed line in fig. 1 ). We also use an improved version of this potential, V fig. 1 with solid line), which includes the Σ * h-excitation in the selfconsistent calculation of the s-wave K − optical potential.
CALCULATION OF SHIFTS AND WIDTHS OF KAONIC ATOMS
Purely s-wave potential. By using the s-wave potentials (1) and (1 Σ * ) we calculate the shifts and widths corresponding to 63 experimental data (see table 1 (1)
values of χ 2 per data of 3.76 and 2.89, respectively. The agreement with the data is quite satisfactory if one takes into account that the potentials are purely theoretical without any free parameter.
p-wave. The lowest order p-wave optical potential [4] includes the lowest order p-wave chiral lagrangian plus the contribution of the Λh, Σh and Σ * h excitations. Using the s-wave potential V (1) opt plus this p-wave part to solve the Klein-Gordon equation, we find the results of row (2) in table 1, with χ 2 /N = 4.00. We observe that the change in the shifts and widths due to the p-wave are much smaller than the experimental uncertainties.
s-wave induced non-local effects. The s-wave optical potential of a K − in a nuclear medium of density ρ depends on the K − energy ω and momentum k. For kaonic atoms, the potentials (1) and (1 Σ * ) were evaluated at threshold (ω = m K , k = 0). Now, we consider the corrections to the optical potential due to the explicit ω and k dependence. Expanding the K − selfenergy at first order around threshold:
The momentum k is not defined for a K − bound in an atom and instead it becomes an operator. Having evaluated the selfenergy in nuclear matter, it is not well defined which kind of ∇ ∇ operator will correspond to the factor k 2 . So different realizations for the operator k 2 have been considered, see rows (3a) and (3b) in table 1. The effect of considering the c(ω − m K ) term is shown in row (4) of the table. We observe that the effect of any of these non local terms on shifts and widths are smaller that the error bars of the experimental data. For more details on non-local effects see ref. [4] . 
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FITS TO ATOMIC DATA
By adding a fitted correction δV fit to the previous theoretical optical potentials, we achieve theoretically founded phenomenological potentials that describe the experimental data quite satisfactorily. We consider two different forms for the fitted part: 2µ δV fit Predictions: deeply-bound atomic levels. The fitted potential (1m), described above, is used to predict binding energies and widths of deeply bound atomic states, not yet observed. They are shown, for 208 Pb, in fig. 2 . See ref. [3] for other nuclei. One can see that the levels, including the widths, do not overlap for a given angular momentum. 
CONCLUSIONS
• The selfconsistent microscopic approach based on the chiral lagrangian (1 Σ * ) is quite good: χ 2 /N = 2.9, for 63 atomic data, with no free parameter in the model. • Non-local effects, associated to proper p-wave contributions or to momentum and energy dependence of the s-wave self-energy, are negligible at this stage, because their effect on shifts and widths are smaller than the current uncertainties of data.
• An improved fitted potential, (1 Σ * b 0 ), provides a very good fit with χ 2 /63 = 1.3 .
• Deeply-bound kaonic atom levels are narrow and separable, so subjected to experimental observation via nuclear reactions. The widths of these levels are sensitive to different potentials by about a 20%.
